
APPENDIX A 

to the Minutes of the January 29, 1985 Meeting of 

SUBCOMMITTEE ON STANDARDS FOR 
CONNECTORS FOR GAS APPLIANCES 

.- 
Note: The following editorial revision was recom- 

mended to Accredited Standards Committee 221 
by the subcommittee, This revision applies 
to the Standard for Flexible Connectors of 
Other Than All-Metal Construction for Gas 
Appliances, ANSI 221.45-1979, and Addenda, 
221.45a-1981 and 221,45b-1983, plus those 
revisions recommended to the 221 Committee 
by the subcommittee at its April 24, 1984 -- 

meeting. 

Revisions are underscored. The paragraph 
denoted as "Remarks" provides explanations 
for changes not requiring "Rationale" 
statements. 

This revision is being held in 
more substantive revisions are 
to the 221 Committee. _ 

PART I 
I 

CONSTRUCTION 

abeyance until 
recommended 

1.6 FITTINGS - DESIGN AND DIMENSIONS 

1.6.4 Each end of the connector shall be equipped with a flare or other 
union fitting. A quick-disconnect device assembled to the connector shall be 
considered a union fitting. 

REMARKS: This is a clarification of intent and makes this standard consonant 
with the metal connector standard, ANSI 221.24. 



APPENDIX B 

to the Minutes of the January 29, 1985 Meeting of 

SUBCOMMITTEE ON STANDARDS FOR 
CONNECTORS FOR GAS APPLIANCES 

Note: The following revisions are based on the 
" 

Second Draft of Proposed American National 
Standard for Connectors for Outdoor Connec- 
tion of Manufactured (Mobile) Homes to Fuel 
Gas Supplies, which was distributed for 
review and comment during February 1984, 
plus those modifications adopted by the 
subcommittee at its April-24, 1984 meeting. 
The proposed standard was recommended by 
the subcommittee to Accredited Standards 
Committee 221. 

. 

Revisions to the draft standard are either 
indicated or underscored, additions are 
so indicated, and deletions are indicated. 
The paragraphs denoted as "Remarks" provide 
explanations for changes not requiring 
"Rationale" statements. 

(Extensively Revised) AMERICAN NATIONAL STANDARD 
FOR GAS -CONNECTORS FOR CONNECTION OF FIXED 
APPLIANCES FOR OUTDOOR INSTALLATION AND 

MANUFACTURED (MOBILE) HOMES 

-r TO THE GAS SUPPLY 

PART I 

CONSTRUCTION 

1.1 SCOPE 

1.1.1 This standard applies to newly produced assembled connectors 
constructed entirely of new, unused parts and materials. Such connectors are 
intended for exterior use above ground for making the following nonrigid 
connections: 

a. (Added) Between the gas supply and the gas inlet of a fixed appliance 
for outdoor installation; 

b. Between the permanent gas outlet of a manufactured home community 
(mobile home park) or individual site and the piping inlet on a D 
manufactured (mobile) home; or 

C. Between sections of a multiple section manufactured (mobile) home, 



I . 

REMARKS: 221 Connector Subcommittee Position on 
Expansion of Scope of Proposed American National Standard for 

Connectors for Outdoor Connection of Manufactured 
(Mobile) Homes to Fuel Gas Supplies 

The subcommittee, at its January 29, 1985 meeting, expanded the scope 
of the above proposed standard and retitled it American National 
Standard for Gas Connectors for Connection of Fixed Appliances for 
Outdoor Installation and Manufactured (Mobile) Homes to the Gas Supply. 
The subcommittee agreed this modification need not be distributed for 
review and comment prior to submittal to-the 221 Committee for the 
following reason: a 

A review by the subcommittee of reported field problems with1 metal 
connectors design certified under the metal connector standard (221.24) 
which failed after relatively short periods of time were due to their 
misapplication by using them to connect fixed appliances installed out- 
doors to a gas supply. This led to recognition by the subcommittee 
that, although no 221 standard exists for connectors for outdoor use, 
there is no technical difference between connectors used to connect 
fixed appliances for outdoor installation to a gas supply and 
connectors used to connect manufactured homes to a gas supply. 

The subcommittee accordingly expanded the scope of this proposed 
standard to also cover connectors for outdoor use to connect fixed 
appliances to a gas supply. The proposed revisions to expand the 
scope do not change the technical content or test procedures which 
were previously distributed for review and comment. 

Following approval of this proposed standard by the American National 
Standard Institute, the subcommittee will propose revisions to the 
metal connector standard:, 221.24, to clarify that connectors covered 
by that standard are intended for indoor use only. 

1.5 INSTALLATION INSTRUCTIONS 

l-5.2 The instructions shal:L include a statement concerning the intended 
uses of the connector. This statement shall state in effect that the connector 

is for use only for making: 

a. (Added) The gas connection between the gas supply and the gas inlet P 

of a fixed appliance for outdoor installation; 

b. The gas connection between the permanent gas outlet of a manufactured 
home community (mobile home park) or individual site and the gas piping 
inlet of a manufactured (mobile) home; or 

c. A crossover gas connection between sections of a multiple section 
manufactured (mobile) home, 

l-5.6 (Added) The instructions shall include a statement that the 
connector installation for a fixed appliance for outdoor installation must 
conform with the National Fuel Gas Code (Z223,1-1984). 

B-2 
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1.5.1 The instructions shall include a statement that the connector 

installation for a manufactured (mobile) home must conform with the Manufactured 
Home Construction and Safety Standard, Title 24 CFR, Part 3280 [formerly the 
Federal Standard for Mobile Home Construction and Safety, Title 24, HUD- 
(Part 280)], or when such standard is not applicable, with the Standard for 
Manufactured Home Installations (Manufactured Home Sites, Communities and 
Set-Ups), ANSI 225.1-1984 (includes the Standard for Firesafety Criteria for - 
Mobile Home Installations, Sites and Communities, NFPA 5018-1982). 

r 

(Proposed 1.5.7 through 1.5.9 become 1.5.8 through 1.5.10 respectively, 
unchanged.) 

1.6 HOMEOWNER'S INSTRUCTIONS 

Information for the owner of the manufactured (mobile) home s'hall be 
provided with each connector and shall include as a minimum the following: . 

a. The connector must be maintained so that it is not in contact with 
the ground or with foreign objects or materials, and, unlless used 
to make a crossover connection, the entire connector must be visible 
for inspection. 

I- 

b.- The installed connector must not be subjected to sharp bends, kinking,. 
stretching, twisting, repeated movement or vibration or to corrosive 
materials. 

c. The connector must not be reused. if the manufactured (molbile) home 
is moved. A new connector must be installed if the appliance is 
changed or the manufactured (mobile) home is moved. 

d*- The connector must be replaced if it is exposed to fire. 0 

e. The connector must be replaced if the connector or its coating is 
damaged or deteriorated. 

1.7 MARRING 

1.7.1 Each cbnnector shall bear a permanent marking, on either a 
nonremovable ring or a portion of a nonremovable fitting not subject to tool 
usage, on which shall appear the following: 

a. Outdoor Appliance and Manufactured (Mobile) Home Connector. 

(Proposed "b" through "f," unchanged..) 

PART IV 

DEFINITIONS 

CONNECTOR, GAS APPLIANCE. A factory-fabricated assembly of g,as conduit and 
related fittings designed to convey gaseous fuel, and used for making connec- 
tions between a gas supply piping outlet and the, gas inlet to an appliance or a 

B-3 



manufactured (mobile) home. It is equipped at each end for attachment to 
standard taper pipe threads. A gas appliance connector is not for vibration 
isolation. 

(Proposed "1" through "5,'" unchanged.) 

6. Connector for Fixed Appliance for Outdoor Installation., A co3nector 
for use between the gas supply and the gas inlet of a fixed appliance 
installed outdoors, 

- 



APPENDIX C 

to the Minutes of the January 29, 1985 Meeting of 

SUBCOMMITTEE ON STANDARDS FOR 
CONNECTORS FOR GAS APPLIANCES 

Note: The following draft revisions were adopted P 

by the subcommittee for distribution for 
review and comment. These revisions apply 
to the Standard for Connectors for Movable 
Gas Appliances, ANSI 221.69-1979, and 
Addenda, Z21,69a-1983, plus those revisions 
adopted by Accredited Standards Committee 221 
by letter ballot dated December 28, 1984. 

PART I 

CONSTRUCTION 

:L.6 FITTINGS 

1.6.4 rr *Each end of a connector shall be equip- 
. ped with a flare or other union fitting. 

A quick-disconnect device assembled to 
the connector shall be considered a 
union 

RATIONALE: A union fitting is needed for each end of a 
torque problems during installation. 

s . 

.L.7 INSTRUCTIONS 

fitting. 

connector to eliminate 

1.7.6 The instructions shall include j-information on 

. ,,,,,,, the - 
capacity iq. Btu per hour of the rv 

connector both with and without the 
quick-disconnect device. e 

RATIONALE: This is a clarification of intent. 

__ - - --- .I _. Y1r-_X___ --- 
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February 20, 1985 Comr?uxits Procemed 

TO: GAS APPLIAXCE CONNECTOR GROUP of the 
GENERAL PRODUCTS DIVISION ' 
(Delegates, Alternates, and Technical Representatives) 

221 Connector Subcommittee Task Force 

At the January 29, 1985 meeting of the 221 connector 
subcommittee, a task force consisting of this Group's Technical 
Committee and staff members of the Consumer Product Safety 
Commission was established to evaluate the need for developing 
revisions or additions to the 221 standard formetal connectors 
for gas appliances. In particular, CPSC believes that there is a 
need to improve the protective coating used on flexible 
connectors. 

CPSC staff has requested that a meeting be scheduled to review 
the various tests specified in the 221.24 standard and discuss 
tests which would verify coating integrity. This meeting is 
tentatively being scheduled for March 15 at the GAMA offices in 
Arlington, Virginia. If you are unable to attend this meeting, 
please-let us know as sooti as possible, along with your 
suggestion for an appropriate alternative date, 

Based on the discussion at the January 29 221 connector 
subcommittee meeting, consideration should be given to methods of 
determining various aspects of the protective coating,, such as 
uniformity, continuity, adhesion and durability. The purpose of 
the proposed meeting would be to more clearly focus on what 
methods should be explored. This would provide guidance to 
manufacturers in conducting in-house evaluations of possible 
alternative methods of verifying the integrity of protective 
coating. 

While it will be difficult to discuss possible alternate methods 
without the benefit of information obtained from your own test 
evaluations conducted in your test labs, this meeting will help. 
ensure a common direction in that testing. The establishment of 
guidelines for test evaluations will provide a common base for 
all the test evaluation work that will be done and may simplify 
the consideration of the in-formation generated by that work. 

Frank A- Stanonik 
Associate Director of Technical Services 

FAS/lsg 
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ON PEMORWANCE AND INSTALLATION OF GAS BURNING APPLIANCES AND RELATED ACCESSORIES 

/ 

HOWARD 1. FORMAN. Chirman - P. 0. Bohr 66. HUNTINGDON VII.I.EY. Pi IYWi o Q15b Y47-lIZI 7 
.- ’ 

W. Ii. JOHNSON. Vice Chairman - tRn1 W. “‘2nd STREET. #610. 04K BROOK, II. 60521 _ t312b YHC-IHW 
- 

F. C. HAMMAKER. Adm. Secy’: - bWl E. PLEASANT VALLEY RI).. CLEVELAND, OH ltl3l - (2161 J’?I-4YYo 

s 

Febm.Eiry 26, 1985 

MT. J. P. Langmead 
Vice President 
Gas Appliance Manufacturers 
Association, Inc. 

1901 N. Fort Myer Drive 
Arlington, VA 22209 

Mr. William W. Walton 
Associate Executive Director for Engineering 
U. S. Consumer Product Safety Commission 
5401 Westbard Avenue, Room 738 
Bethesda, MD 20207 

Gentlemen: 

At the 
Items I3, 4 

coatin! 
study tonne 
determine t 

221 connector subcommittee's January 29, 1985 meeting, after review 
m # 

and 6 all of which dealt with possible failures of connector 
3s, the subcommittee agreed a working group should be established to 
--mctor coatings for connectors for indoor and outdoor use and to 

he necessity of developing tests for such coatings. If it is 
a determined such tests are necessary, the working group is to develop them. 

of 

This working group is to consist of members of the Technical Committee of the 
Connector Division of the Gas Appliance Manufacturers Association (CAMA) and 
staff members of the U. S. Consumer Product Safety Commission. 

It is expected that a deport from the working group will be availa'ble for the 
next connector subcommittee meeting, presently scheduled, for October 29-30, 
1985. , 

Best regards, 

KAY E. BROUGHTON 
Standards Engineer 

cc: R, Derringer 
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REPORT 

Meeting of 
Working Group 

of the 
221 Subcommittee on Standards 

for 
Gas Appliance Connectors 

. Held at * 
GAMA Headquarters, Arlington, Virginia 

Friday, March 15, 1985 

ROLL CALL: The meeting was called to order at P%:OO aL.m, EST. 
The following were in attendance: 

Fred Hyman 
Tom Cooper 

Brass-Craft Kanufacturing Company 

Sydney Greenfeld 
Consumer Product Safety Commission 

Ron Medford 
Consumer Product Safety Commission 

Jerome J. Segal 
Consumer Product Safety Commission 

Marvin Leffler 
Dormont Manufacturing Company 

Randell M. Smith 
Flexible Fabricators, Inc. 
United States Brass 

Division of Household 

Guests 
Bob Crawford 

Harry A. Paynter 

J. P. Langmead 

Frank A. Stanonik 

International - 

American Gas Association 
Laboratories 

Gas Appliance Manufacturers 
Association 

Gas Appliance Manufacturers 
Association 

Gas Appliance Manufacturers 
Association 
(Acting Secretary) 

The working 
to it by the 

group discussled the assignment which had been given 
221 connect0.r subcommittee. 

CPSC, noted that, 
Mr. Ron Medford, 

review the Z 
from the CPSC standpoint, the objective is to 

21 connector standard and determine what tests may 
need revision, or need to be added, insofar as addressing the 
protective coatings applied to connectors. 
general concurrence with this comment, 

While there was 

as presently written, 
it was pointed out that, 

unused connectors. 
the standards addressnewly manufactured, 

This correlates to the manufacturer's 

/Continued d a D 
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Nr . Smith also agreed to attempt to find the supporting work 
and data that was used as the basis for the developmen% of the 
present ammonia atmosphe:re test in the 221 connector standards. -. 
Mr. Bob Crawford, American Gas Association Eaboratorfes, also 
volunteered to gather whatever information %he Laborat6ries 
have on the development of that same test, 

The next meeting of the working group was ten%a%ively scheduled 
for June 13, 1985. 

The meeting was adjourned a% 2:15 p.m, 

Respectfully submitted, 

Frank A. Stanonik 
Acting Secretary 

FAS/vly 
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UNITED STATES GOVERNMENT U.S. CONSUMER PRODUCT 

Memorandum - EW?pkri 

biirz Notified 

SAFETY COMMISSION 
WASHINGTON, 0. C. 20207 

l-0 
Paula Present, EPHA Cusrmerrts Processed 

April -16, i985 
OATE : 

I 

FROM : George W. Rutherford, Jr.:, EPDS .- 

sLlsJu=T : Status of Data Collection Effort on Flexible Gas Connectors 

This memorandum provides a status report on the data collection activity 
on flexible gas connectors, 

A total of 37 fire departments, seeing a total of over 60,000 fires 
annually, have been approached and have agreed to participate in the 
program. 

Seventeen gas utilities have been contacted, Thirteen of these, serving 
approximately 11,OOO~OOO customers, have agreed to participate. 

-- 

In addition, the State Fire Marshalls for Ohio, California, Washington, 
Oregon, and Utah have been contacted and agreed to help. Contact has been 
made with two suppliers of liquified propane gas, as well. 

So far, few cases have been found. 

Following is a breakdown of the number of cases received from each of 
several types of sources: 

In Scope of Study Framework: * 5 cases 

Fire Departments 
Gas Utilities 

1 Case 
4 Cases 

Outside Scope of Study Framework: 18 Cases 

_ State Level Organizations 7 Cases 
Newsclips 7 Cases 
Cases from Fire Departments, 

and Gas Utilities, which 
predate the Project 4 Cases 

Altogether, there have been 23 cases initiated, five of which are in 
scope of the study period and plan. 

Attached for your information are lists of the contacts, by category. 
We anticipate that some additional sources may be added. 

- - 

I am concerned that we may get considerably fewer cases than anticipated 
but, as you can see, it doesn't appear to be for want of trying. Please 
discuss this with the team and provide me with any constructive suggestions 
you and they may have. 

Attachments 

_. - -- 
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FIRE DEPARTMENTS CONTACTED AS OF APRIL 9, 1985 

City/Department Number of Fires 

Philadelphia, Pa. 
Skokie, Ill. 
Saginaw, Mich. 
West Lake, Ohio 
Maple Heights, Ohio 
St Paul, Minn. - 
Richfield, Minn. 
Minnetonka, Minn. 
Riverview Garden, MO. 
Baytown, TX. 
Bellaire, TX. 
New Caney 
Tulsa, Okla. 
Jefferson Parish, La. 
Fulton County, Ga. 
Dekalb County, Ga. 
Gwinnett County, Ga. 
Atlanta, Ga. 
Los Angeles Fire Commission, Ca. 
Los Angeles, Ca. 
Olympia, Wa. 
Gig Harbor, Wa. 
Kenmore, Wa. 
Redmond, Wa. - 
Portland, Ore. 
Clark County, Wa. 
Clark County, Wa. Fire District #S 
Beverly Hills, Ca. 
Brea, Ca. 
Coronado, Ca. 
Hawthorne, Ca. 
Covina, Ca. 
Industry, Ca, 
Oceanside, Ca. 
Montebello, Ca. 
Oxnard, Ca. 
Memphis, Term. 

3,547 
2,000 
1,000 
1,500 
500 

6,700 
600 
600 
725 
500 
934 
300 

11,247 
6,500 = 
3,000 
1,700 
515 

5,000 
unknown 
unknown _ 
1,000 
750 
600 
800 

2,575 
1,133 
unknown 
175 
276 
81 
384 

2,662 
750 
619 

1,000 
922 

unknown 

TOTAL KNOWN 60,595 

- 



GAS UTILITIES CONTACTED AS OF APRIL 9, 1985 

Gas Utilitv 

Brooklyn Union Gas Company 1,500,000 
Philadelphia Gas Company 500,338 I- 
Northern Illinois Gas Company 1,489,793 
East Ohio Gas Company 930,076 
Northern States Power Company 250,000 . 
Oklahoma Natural Gas 640,000 
Lone Star Gas 420,000 
Atlanta Gas Light 950,000 
CAL-GAS 350,000 
Southern California Gas Company 3,000,000 
Northwest Natural Gas Company 200,000 
Washington Natural Gas Company , 500,000 
Washington Water Power Company unknown 

Number of Customers _ 

TOTAL KNOWN 10,730,207 

Gas Utilities contacted, but which would not provide information 
Name Location 
Pacific Gas and Electric -------------------------- -Northern Califo.mia 
St Louis Gas(l.iay not be actual company name&--------St. Louis, Kssouri 
Minnegasco---- ---------------------------------- ainneapolis, Minnesota 
Columbia Gas --------------------______I_____________ -Columbus, Ohio 



. 
. * - - 
. . 

STATE ORGANIZATIONS CONTACTED AS OF APRIL 9, %?8;;? 

Ohio State Fire Marshal 

California State Fire Marshal 

Utah State Fire Marshal 

Washington State Fire Marshal , 

Oregon State 'Fire Marshal 

Oregon Fire Marshal's Association , 

Oregon State Police Arson Division 

OTHER SOURCES CONTACTED AS OF APRIL 9, 1985 

Georgia Gas Inc., Union City, Ga. (LP Distributor) 
Greens Fuel Company of Ga., Lawrenceville, Ga. (LP Distributor) 

-c 
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G ama 

MAY 2, 1985 

1901 North Moore Street . P.O. Box 9245 . Arlington, Virginia 22209 . 703/525-9565 

TO: Working Group of the 221 Subcommittee 
on Standards for Gas Appliance Connectors 

Mr. Randy Smith 
United States Brass 
Division of Household 
International 
P-0. Box 1031 
Commerce, TX 75248 . 

Mb . Fred Hyman 
Vice President-Manufacturing 
Brass-Craft Manufacturing Co. 
27700 Northwestern Highway 
Southfield, MI 48034 

Mr. Marvin Leffler 
President 
Flexible Fabricators, Inc., e 
35-18 37th Street 
Long Island City, NY 11101 

Arm Y Jerome 3. Segal 
President 
Dormont Manufacturing Company 
5601 Butler Street 

- ?ittsburgh, PA 15201 

Mr. Sam Foti 
President 
Hose Master Incorporated . 
1267 Babbitt Road 
Cleveland, OH 44132 

Mr. Sydney Greenfeld 
Consumer Product Safety 

Commission 
5401 Westbard Avenue 
Bethesda, MD 20207 

Mr. Tom Cooper 
Consumer Product Safety 

Commission 
5401 Westbard. Avenue 
Bethesda, MD 20207 

Mr. Ron Medford 
Consumer Product Safety 

Commission 
5401 Westbard Avenue 
Bethesda, MD 20207 

Information on Ammonia 
Atmcsphere Test 

As discussed at the working groups March 15, 1985 meeting, 
attached are copies of some background information on the ammoni; 
atmosphere test presently specified in the 221 connector 
standards. The A.G.A. Laboratories Report No. 1445 was provided 
by Mr. B. W. Crawford. The Pclarch 17, 1976 letter to Mr. Dennis 
%lankenship of U.S. Brass and the survey of household cleaning 
products were provided by Mr. R. Smith. In his cover letter, Mr. 
Smith also noted: 

/Continued . . . 
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. 

"If the corrosion rake is assumed proportional to the 
ammonia concentration, then to simulate field conditions (25 
years) with an 18 hour ammonia test the concentration should 
be reduceq by a factor of 9,8. That is, the current 
strength ammonia (28') should be mixed 9,8:1, wate? to 
ammonia. A.500 ml, solution would then mix approximately 
46 ml. of ammonia and 454 ml. of water,"' 

Frank A. Stanonik 
Associate Director of 

Technical Services 

FAS/vly 
Attachments 



Mr. Frank A. Stanonik 
GAMA 
1901 N, Moore Street 
Arlington, VA 22209 

April 8, 1985 

Dear Frank: 

At the 221 Connector Working Group Meeting held in your 
offices on March 15, I was requested to review our records 
and attempt to determine the oridn of the “Resistance to 
Ammonia Atmosphere” 
221.24. 

test which presently appears in 

I found -that the present test is based on experimental work 
conducted by the A. G.A. Laboratories Standards 
Investigation Activities Department in 1965-66 at the request 
of the 221 Connector Subcommittee. The results of this 
work were reported in our Report No. 1445 which was 
reviewed by the Subcommittee at its December, 1966 meeting 
as part of Agenda Item 9. 

At that meeting, the Subcommittee adopted for industry 
review and comment a proposed ammonia test based on our 
report. Unfortunately, the literature does not indicate 
rationale for the specific ammonia concentration or exposure 
time. 

I am enclosing a copy of our Report No. 1445 entitled 
“Standards Department Investigation of External Corrosion 
of Flexible Connectorsw. Please let me know if additional 
information is requested. 

Best regards, 

B. W. CRAWFORD 

cc: S. L. Blachman 



(FOR COMMIT& USE ONLY) 

STANDARDS DEPARTMENT INVESTIGATION iiF 
EXTERNAL CORROSION OF FLEXIBLE CONNEC~RS 

November, 1966 Report No. 1445 

7032 EAST 62nd STREET CLEVELAND 3, OHIO 



Standards Department Investigation of 
External Corrosion of Flexible Connectors 

Report No- 1445 Job No. TX)60 0 
.- 

Purpose: To develop a corrosion test which would indicate the susceptibility 

of Admiralty brass connectors to external corrosion from ammonia 

and household cleaners, and to determine the degree of protection 

afforded by double-wall construction and various types of exter- 

nal coatings. 

SW: Except for connector Q, all connectors examined during this in- 

vestigation were two foot long Admiralty brass connector_s, all of 

which were supplied by the same manufacturer, included an assort- 
. 

. ment of doubleoWL, single-wall, bright dipped, oxide coated 

(before bright dipping) and polyvinyl chloride coated connectors. 

Connector Q supplied by a different manufacturer, was a bright 

dipped yellow brass connector with an extra thick pol~nrinyl 

chloride coating. 
- 

The connectors were examined for residual stress, and stress co;- 

rosion resulting from soap solutions and ammonia vapors. The 
e -c 

coatings were examined for flaws such as cuts, pinholes and thin 

spots. They were also checked for permeability from liquid am- 

moniated cleaners- 

The results indicate that polyvinyl chloride coated connectors 

of either type are more resistant to corrosion than uncoated ones. 

The P.V.C. coated bright dipped connectors examined proved to be 

superior to the oxide coated connectors with the same type of 

P.V.C. coating. 



The one double-wall connector examined was apparently superior” 

to the uncoated single-wall coxmectors in that it did not leak . 

after being exposed to 'ammonia vapors for 140 hours. However, 

examination a,fter the 140 hours of exposure revealed that the 

external brass wall had cracked in several spots. The alumiraapm 

internal wall prevented leakage. 

Recommendations: 

It is recommended that the corrosion test outlined in Appendix A 

be incorporated into the American Standard Listing Requirements _ 

for Metal Connectors for Gas Aipliances as an optional test for 

corrosion resistant connectors. 

Requested-By: Subcommittee on Listing Requirements for . 
Connectors for Gas Appliances 

Bates of Work: my = m5 

July - 1966 

Test Work .QY L, Hassell 

Report By: L. Hassell 

Edited By: Se L. Blachman 

AMERICAN GAS ASSOCIATION LABORATORIES 

(zxmnmw, OHIO 44103 

NOVEMBER, .1966 

ii 
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1. HISTORY 

1.1 / 

At the October 19-x), 1961 meeting of the Subcommittee on List- 

ing Requirements for Connectors for Gas Appliances, the subcommittee con- 

sidered the problem of external corrosion of flexible metal connectors. 

Various members of the group reported that they experienced failures from 

external corrosion caused by household cleaners containing ammonia, chlorine 

compounds in paint removers; and paint cleaners, and even from the:green soap 

solution used by some utilities to check forleaks. Following an extensive 

discussion of the problem the subcommittee requested that the Laboratories 

conduct a standards investigation to compare the resistance toI external 

corrosion between coated and uncoated connectors, where avaihble, of the 

single-wall and double-wall type. The Laboratories were also requested to 

explore the relative merits of '70-30, 85-15, and Admiralty brass from the 

standpoint of their resistance to corrosion. 

Subsequently, it developed that Con-Gas Service was investigating 

this problem. On May 19, 1964, the subcommittee reviewed and discussed 

Con-Gas Sexvice Corporation Research Rep&t NO. 48, "Stress Corrosion Crack- 

ing of Brass Tubing Used in Flexible Metal Gas Appliance Connectors." This 

report described tests that had been conducted to determine the effect of 

cleaning compounds on connectors fabricated from both red brass and yecow 

brass flexible tubing having no external protection and on connectors 

fabricated of yellow brass :flexible tubing having a plastic co.ating. The 

report included a suggested testing procedure to test connectors for re- 

sistance to corrosion by cleaning compounds and included a recommendation 

that steps be taken to urge revision of the metal connector listing standard 

. 



to require provision of external corrosion protection on all convoluted 

tubing used for appliance connectors. The rep* aho pointed out that all 

bright dipped connectors were sub3ect to corrosion by cleaning compounds. 

After considering the Con-Gas Research Report No0 48, the sub- 

committee requested the Laboratories to conduct tests guided by the proce- 

dure set forth in the report. ".biS itiOE?natia was: to be combined with the 

data from the previcnrsly requested investigation and presented in a report 

to the subcommittee. 

, . 

From an examination of the American Gas Association's January, 1966 

Directory, and correspondence with the manufacturers, the Standards Investi- 

gation Activities Department determined that it would not be possible to 
. 

get identical connectors fabricated from different brasses from any one 

manufacturer. It had been pointed out to the Appliance Connector Subcom- 
. 

mittee at their January 25-26, 1966 meel#& that without identically manu- 

factured connectors , any comparison between the corrosion characteristics 

_- of two different brasses would be subdect to question, since the extent to 

which results of manufacturing techniques affect the characteristics of the 

connector could be more significant than the difference in material. It was 
. 

also noted that there are no connectors either single or double-wall listed 

in the American Gas Association's January, 1.966 Directory which have an s 

outer wall of red brass. Of the 69 flexible connectors listed in the 

January, 1966 Directory, 55 had Admiralty brass exterior walls, and of these 

10 were plastic coated. Of the remaining connectors listed, 8 were yellow 

brass and 6 were galvanized steel (double-wall with a red brass interior 

wall). 

agreed 

froma 

In view of these findings, the Appliance Connector Subcommittee 

that the Study should be limited to only Admiralty brass connectors 

single manufacturer. 
L 
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2. LITERATURESEARCH 

2.1 Corrosion Resistance of Brasses 

The first step in this investigation was to conduct a literature 

search to determine the factors contributing to the corrosion of.sopper, 

brsss,andbrass alloys. After reviewing the American Gas Association 

Research Bulletin No. 102, "Study of Gas Appliance Connectors," August, 

1965, it was decided that Section XII entitled "Literature Evaluation of 

Corrosion Resistance of %asses" provided an up-to-date evaluation of the 

corrosion problem. The following is an excerpt from Research Bulletin s 

No. 102. D 

VI. LITERATUIZE EVALUATION OF CORROSION RESISWCE 0 
OF DRASSES 

One of the construction variables of flexible 
metal connectors which has produced considerable dis- 
cussion is, 'Which brass is the most suitable for gas 
appliance connectors?' From time to time, flexible 
metal gas appliance oonnectors have been made from yellow 
brass ('?'O per cent copper - 30 per cent zinc), Admiralty 
brass (p per cent copper - 29 per cent zinc - 1 per 
cent tin or antimoxly), and red brass (85 per cent cog- 
p&r - 15 per cent zinc). -Eighty-nine per cent df the 
flexible metal gas appliance connectors listed in the 
American Gas Association, July, 1963 Directory were made 
from Admiralty brass. Of the remaining, 9.4 per cent 
were made from yellow brass and 1.6 per cent were made 
from red brass. 

Evaluations discussed previously In this report 
indicated that the performance (bending and torque 
tests) of red brass was somewhat better than Admiralty 
brass and yellow brass, all parameters being equal with 
the exception of the material for the tubing construction. 
Therefore, the only other variable which would affect 
the life or performance of the connector, which had not 
been considered in the previous discussions, was corrosion. 

The study of brass coiTosion was limited to a litera- 
ture evaluation which provides the basis of the following 
statements. 
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Corrosion, generally defined as a complex form of 
material deterio=tion, is divided into 13 basic types. 
me basic types of corrosion WhicK'affect the preformance 
of flexible metal gas appliance connectors are: 

10 Galvanic Corrosion - accelerated electro- 
chemical corrosion that occurs when one 
metal is joined to a more noble metal by 
the same corroding medium or electrolyte. 

Corrosion Fatigue - corrosion combined 
with repeated stress. . 

Dezincification - corrosive phenomenon 
in which zinc is lost- from the alloy.- 

Direct Attack - the most common t3cpe of 
corrosion, attack by corrosive media. 

Stress Corrosion - deterioration that oc- ~ 
curs when an internally or externally stres-- 
sed mtal is exposed to a corrosive environ- 
m?nt G . 

sGalvanic corrosion, which can be likened to the 
action of a simple battery cell - usually produces a 

higher rate of reaction on the less noble metal and pro- 
tects the more noble metal'. Evidence of galvanic cor- 
rosion of flexible metal gas appliance connectors was 
exported by Stanford Research Institute. Conditions 
which apparently caused the corrosion developed when 
brass connectors vere butt welded to copper adapter 
end fittings, by a copper-zinc-silver brazing material. 
The Stanford report does not indicate whether red brass, 
yellow brass or Admiralty brass is more corrosion resist- 
ant under these conditions. But, within the past 4 or 
5 years, this type of connector end fitting construction 
has been almost eliminated. 

In a discussion of corrosion fatTa, Seabright and 
Fabian state that 'Corrosion combined with repeated-stress 
is potentially more damaging than either corrosion or-fa- 

- tigue alone." Also, 'One of the dangers of corrosion fa- 
tigue is that bending tends to break down protective film 
on the metal. This may not be important with metals that 
have good "self-repair" characteristics, but with most 
metals it enables corrosion to proceed more rapidly.' 
Corrosion fatigue of the three brasses considered cannot 
be compared at this time since the only acceptable data 
would require subjecting the materials to similar condi- 
tions. However, an examination of the material's resist- 
ance to both fatigue and corrosion may give an indication 
of the relative merits of each material. As demonstrated 

4 



. 

by the results of tests presented earlier in the report, 
red brass appears to have greater fatigue resistance than 
Admiralty brass. Because Admiralty brass and yellow brass 

have basically the same composition, there is no reason 
to believe that their fatigue resistance should differ 

'Dezincification, as its name implies, is a corro- 
sive phenomenon in which zinc is lost from the alloy'. 
It occurs with w copper-zinc (brass) alloys containing 
less than 85 per cent copper when they are used in contact 
with water having LL high content of owgen and carbon di- 
oxide, or a high content of oxygen and carbon dioxide,, or 
in stagnant solutions. The effect tends to accelerate as 
temperature rises. Brasses containing at least 85 per cent 
copper, and speciall brasses, can be used with many acids, 
but in general,high zinc brasses should not be used with 
acids due to the danger of rapid corrosion by dezincifica- 
tion. Binary copper zinc alloys containing mo= than ap- 
proximately 15 per cent zinc should-not be used with alkalis 
due to the possibillity of dezincification corrosion. 

Direct attack by corrosive media is, of course, one 
of the most common type of corrosion. The obvious way to s 
prevent it is to select a more resistant material. Sulphides 
axe more corrosive to copper and alloys high in copper than 
to brasses such as yellow brass t Muntz metal, Admiralty or 
Tobin bronze. In the present of moist air, odorant corn- 
pounds are quite corrosive to copper and brass. Hydrogen 
sulfide corrosion of copper will be a problem a> room tern- 
perature at concentrations below the conventional maximum 
limit of 0.25-0.30 grains per I.00 cubic feet. Mercaptans 
attack brass, onlyat high temperature. 

. 
Stress corrosion is the deterioration that occurs when 

an internally or externally stressed metal is exposed to a 
corrosive environment. Damage usually takes the form of 
localized cracks. The cause of stress corrosion in copper 
alloys is attributed to several factors which operate to- 
gether: 

1. Stress 

2. Corrodent 

3. Time 

Copper alloys are sensitive to an atmosphere containing 
ammonia, moisture and air. A trace amount of ammonia is 
all that is needed and this may be present nearly awere. 
Gaseous ingredients produce rapid cracking. Brasses are ex- 
tremely susceptible to stress corrosion cracking. Brasses 
containing over 20 per cent zinc have a low resistance to ' 
stress corrosion cracking. Addition of small amounts of 
carbon dioxide in the air will accelerate stress corrosion 
cracking. 
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The literature indicates that red brass is less 
susceptfble to corrosion than yellow brass or Admiralty 
brass in most applications, with the exception of sulA;lr 
corrosiolrl. In order to determine the relative degree of 
susceptibility of red brass to sulfur corrosion, question- 
sires were sent to utility personnel who were observing _ 
the field ins=tsUation of experimental rubber-covered red 
brass flexible connectorsa Replies indicated-that'internal 
corrosioa vas obsemed in some of the connectors. Eight 
replies %nd%cated that flakes or scale were noticed on 
the inside of the connectors." 

2.2 Protection by External Coating 

The results obtained during a research study conducted by the 

American Gas Association's Research'Department and reported in the A.&A. 

Research Report No. 1351, "Development and Field Study of Flexible Heat 

Resistant Gas AppUance Connectors,' December, 1962, shows a comparison 

betweep the corrosion protecdWe properties of severs1 coatings. The fol-' 

lowing is an excerpt from thvs Reesrch Report: 

“V. STUDYOFEXYE%NALPROTRCTIONSURFACES 
FORFLEZSIBIZ CONNEETORS 

A study of flexible connectors' external surface cover- 
ings as &Lso conducted during Phase III. The purpose of the 
study was to evaluate coatings as a method of preventing de- 
terioration-of the outer surface of flexible connectors due 
to the action of ammonia, fatty acids, caustic cleaning agents 
and other deposits which form on connectors during normal. use. 
The basic connector must be gastight prior to coating. The 
coating is not meant to stop leaks in inferior connectors. 

The type of connector used in this study was a bronze, 
tiular corrugated connector with removable end fittings. 
The connector had nine corrugations per inch. 

Three types of coatings were studied. They were poly- 
vinyl chloride plastic, room temperature vulcanizing silicone 
and a chemically deposited nickel. 

Connector samples coated with polyvinyl chloride, which 
melts at 25OF, were prepared by a plastics company They are 
evaluated initially as to strength of bending. Threemethods 
were employed in applying the coatings: (1) loose fitting 
sleeve, (2) sleeve shrink fitted, and (3) dipped. Of the 
three methods, the dipped coating seemed to give the best 
results and was selected for the corrosion study. The re- 
sults of bending tests were as follows: 
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Center Bend 
Sample Description Cycles Around 
No. -- of Coating 3 Inch Mandrel 

1 Uncoated 81 

2 Sleeve Shrink 166 
Fitted 

3 Dipped and 200 
Air Dried 

4 Loose Fitting 77 
Sleeve 

Remarks 

Slight leak 

Break noticed in - 
in connector un- 
der coating, no 
leak 

No leak or break 
noticed 

Slight leak 

The dipped polyvinyl chloride coating did not completely 
fill in the convolution of the connector, as shown in Figure 
11. On the top crown of the convolution, the coating is 
approximately l/64 of an inch thick. 

I I 

. The second type of coating used in the corrosion study ' 
was a room temperature ticanizing silicone, which could be 
either sprayed or dipped. For the purpose of the study, the 
coating was sprayed on to a thickness of 2-5 mils over the 
entire surface of the connector. The catalytic curing agent 
was sprayed over the silicone and allowed to cure at room 
temperature for approximately10 hours. Additional heat re- 
sistant properties could be added to the silicone if it were 
further cured in an oven, but this was not done. 

- The third type of coating studied was a chemically de- 
posited nickel coating. Prior to chemically depositing the 
nicke:L coating, the connector was degreased and sandblasted, 
As the ends of the connector was not capped, the nickel 
plated on both the inside and outside.- The thickness of 
the coating is controlled by the strength of the plating 
solution and the time the connector remains in the solution0 
The thickness of the nickel coat used in this-study was about 
0.000~~ inches. 

The three types of coated connectors and also a similar 
uncoated connector were then exposed to the severest corrosion 
conditions which a connector might encounter. 

Results of the exposure tests, given in Table 14, in- 
dicate that silicone coating as an external surface protec- 
tion of flexible connectors is not favorable material. It 
is readily attacked by caustic solutions and concentrated 
household detergent solutions, both of which are commonly 
used in the cleaning of appliances. 



The best corrosion resistant material of the three 
coatings seems to be the nickel coating. The polyvinyl 
chloride coating is considered to be the best over-all 
coating because its corrosion resistance to common house- 
hold chemicals is similar to the nickel, but the dipped 
poly\pinyl chloride coating also doubled the bending 
strength of the connector whereas there was no-change i-n 
the bending strength with the other two coatings0 

There is more to consider in the use of protective 0 
coatings other than just chemical attack. Some less ob- 
vious points for consideration, which were not taken 'into 
account during this study are: 

/ 

1. Thickness of coating, minimum and 
msximum. * 

2. Resistance to abrasion. 

3. Is electrical resistance of the coating 
required? 

4. Min1mw.u and maximum temperature limits -- 
of coating. 

After reviewing these two research reports, it was decided that very little 

if 6ny, additional information of value could be gained from a continuation . 

of the literature search. 

3 ' TEST EQUIP= 

3.1 Connectors 

AI1 connectors except connector Q were supplied by a single 

manufacturer. They were two foot long Admiralty brass connectors with a 

l/2 inch nominal internal diameter. Bright dipped, oxide coated, polyvinyl 

chloride coated (both types) and double-wall (outer wall of oxide coated 

Admiralty brass with an inner wall of aluminum) connectors were supplied. 

The oxide coated connectors with and without the polyvinyl chloride coatings 

were the same as the bright dipped connectors except for the final bright 

dipping process. The polyvinyl chloride (PJ.C.> coating thickness on these 

Admiralty brass connectors was approximately 15 mils. 
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Connector Q,+xnitted by a different manufacturer, was a polyviny: 

chloride coated yellow brass connector of 

The interesting characteristic about this 

coating. 

3.2 Corrosive Chemicals 

l/2 inch nominal internal diameter. 

connector was the 3132 inch thick 

The household cleaners used in this investigation included a Iiquie 

ammoniated cleaner and a liquid kerosene base cleaner. The other two chemics 

used included a 

anda mercurous 

3.3 Dielectric Strength Tester 

commercial grade offull strength liquid ammonia (26-28 percc 

nitrate solution (standard season cracking solution). 

The test apparatus used to locate small pinholes, thin spots, and 

other flaws in the ,polyvinyl chloride (PJX.) coating consisted of a 4,800 

volt transformer, a variac, and a volt meter. A wire 'brush was soldered to 

one of the transformer leads. The other lead was attached to the metal porti 

of the connector. By changing the variac setting, the output of the transfor 

could be adjusted to the desired voltage. 

3.4 Apparatus Used for Ammonia Vapor Corrosion 

A.five gallon plastic container was used as a corrosion chamber. _ 

The top of the container was provided with a rack from which the connectors 

could be suspended. Several. taps were made in the lid of the container al- 

lowing an internal pressure to be maintained on the connectors while they 

were under test. By maintaining a constant internal pressure on each con- 

nector, it was possible to determine the elapsed time of exposure at which 

each one ruptured. 
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4. PROCEDJRE AND DISCUSSION 

4.1 Season Cracking Test 

Season cracking tests were conducted as outlined in Section 4.5) 

Season Cracking, of the American Standard Listing Requirements for Metal 
.- 

Connectors for Gas Appliances, 221.2~1963, on several samples of t&e 

Admiralty brass connectors. 

It was concluded Prom the results of these season cracking tests 

that the connectors had been properly annealed to remve residual stress. - 

4.2 Corrosion by Soap Solutions 

4.2.1 Periodic Wettings with Soap Solutions 

Six two foot long, l/2 inch, bright dipped, Admiralty'brass cmn- 

Rectors were cut in half. Each piece was capped, sealed with sealiw WEJX, 

and checked for leaks at 6 inches mercury pressure. 

. 
In order to simulate field conditions, the connectors were studied 

with respect to corrosion in both the stressed and unstressed condition0 

To iugose stress, the connectors were bent a number of tiws as outlixted 

in Section 4.2, Bending, of the American Standard Listing Requirements for 

Metal Connectors for Gas Appliances, Z21.2&1963. As noted in Table U, 

some of these bent connectors were then straightened before the corrosive 

solutions were brushed on while others were held in a "U" shape. 

!I!hiS identical procedure was followed in preparing twelve oxide 

coated samples as noted in Table lB. 

The three corrosive agents used in this phasbe of the study in- 

cluded the two cleaner solutions ai?d water. Water, although not a corrosive 
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agent ia ,+,self, could combine with any acid salts which might have been left 

on the connector by improper cleaning after the bright dipping process and . 

contribute to corrosion. In all cases9 the corrosive agent was liberally 

applied full strength three tinres each week using a one inch paint bzush. 
P 

After eighteen weeks, the aecmhtfm of residue ~8s washed off 

and the connectors were visually examined at a ~ification of 1%. The 

observations made during this examination are given in Tables IA and l.& 

4.2.2 Uncoated Connectors Immersed in the Axmnoniated Cleaner 

One sample of a bright dipped connector was capped, sealed with 

wu, and bent into a "K?' shape. This connector, sample C in Table 2, was 

partially immersed with the ends pointed up in a beaker of full strength 

liq;;lid ammoniated cleaner. The tog of the beaker was sealed ta prevent 

evaporation. An ex?eraal pressure of four inches mercury was maintained 

on the connector &~ing the test. 

The fir& sign of leakage occUrred after 8.5 days at which time 

the connector wks removed ar:d examined. Several cracks were found in the 

outer radius of -be "I?". There was also a marked ridge around the connector 

correspcnding to the surfam of the liquid. The portion above the surface 
. 

of the iiqu19 was Slight* c:orrod+d and blackened. me portion below the 

sirface of the 1Jqtid ~8s a&udiy corroded away leaving the metal thinner 

than it had origi~lly been.) The liquid ammoniated cleaner had a very dark 

blue color. 

4.2.3 Coated Corne&ora Immersed in the Ammoniated Cieaner 

Three P.V.C. costed eoxzectors (two bright dipped, and one oxide 

coated) were prepared and tested as described in Section 4.2*2. The oxide 

coate=l connector, sample FP and one of the bright dipped connectors, sample E, 
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Bright Dipped Connectors Subjected to Periodic 
Wettings With Various Soap Solutions 

Condition 
Sample No of During Corrosive Observations at 15X 
No. - Bend@ Test Agent After 18 Weeks 

Al -0 - Straight Ammoniated Very dull appearance. Parti- 

'A2 5 Straight Cleaner aL!q blackened, especially 

A3 lo Straight on the bottom of the'coa- - 

A4 20 Straight nectar where residue had 

A5 20 U-Shaped -collected. Slight t?aces ~ 
of green discOlOrati~no ,I(: 

Straight Kerosene Dull finish, slightly black- 
ened on bottom where resi- 
due collected. . 

* Section 4.2, Bending, of the American Standard Listing 
Requirements for Metal Connectors for Gas Appliances, 
221.2b1963. 

s 


